for the Combination Hemotherapy and Mortality Prevention (CHAMP) Study Group* Background-Both aspirin and warfarin when used alone are effective in the secondary prevention of vascular events and death after acute myocardial infarction. We tested the hypothesis that aspirin and warfarin therapy, when combined, would be more effective than aspirin monotherapy. Methods and Results-We conducted a randomized open-label study to compare the efficacy of warfarin (target international normalized ratio 1.5 to 2.5 IU) plus aspirin (81 mg daily) with the efficacy of aspirin monotherapy (162 mg daily) in reducing the total mortality in 5059 patients enrolled within 14 days of infarction and followed for a median of 2.7 years. Secondary end points included recurrent myocardial infarction, stroke, and major hemorrhage. Four hundred thirty-eight (17.3%) of 2537 patients assigned to the aspirin group and 444 (17.6%) of 2522 patients assigned to the combination group died (log-rank Pϭ0.76). Recurrent myocardial infarction occurred in 333 patients (13.1%) taking aspirin and in 336 patients (13.3%) taking combination therapy (log-rank Pϭ0.78). Stroke occurred in 89 patients (3.5%) taking aspirin and in 79 patients (3.1%) taking combination therapy (log-rank Pϭ0.52). Major bleeding occurred more frequently in the combination therapy group than in the aspirin group (1.28 versus 0.72 events per 100 person years of follow-up, respectively; PϽ0.001). There were 14 individuals with intracranial bleeds in both the aspirin and combination therapy groups. Conclusions-In post-myocardial infarction patients, warfarin therapy (at a mean international normalized ratio of 1.8) combined with low-dose aspirin did not provide a clinical benefit beyond that achievable with aspirin monotherapy. (Circulation. 2002;105:557-563.)
D uring the past half-century, Ͼ100 clinical trials have described the merits and limitations of antiplatelet and anticoagulant agents in short-and long-term treatment after acute myocardial infarction (AMI). 1, 2 Although controversy exists over which form of therapy is superior in subgroups of survivors of AMI, it is clear that in the absence of contraindications, some form of antithrombotic therapy should be administered. Aspirin generally is preferred to warfarin in this setting because of its ease of administration, low cost, and comparable efficacy. However, this therapy is limited by only modest relative risk reductions in mortality and other vascular end points. 1 More effective alternative antithrombotic regimens are needed.
Given that aspirin and oral anticoagulants inhibit thrombosis by different mechanisms, we proposed that the coadministration of these agents (combination hemotherapy) might have a synergistic antithrombotic effect. In the past, there has been reluctance to combine these agents in clinical trials and clinical practice. This view stems from the high bleeding rates observed in a series of older studies designed to reduce embolic stroke in patients with prosthetic heart valves. 3 We hypothesized that by lowering the dose of aspirin to 81 mg daily and monitoring the effect of oral anticoagulants by use of the international normalized ratio (INR) at a range between 1.5 and 2.5 IU, the therapeutic benefit of combination hemotherapy would be preserved, and the major bleeding rate would be reduced.
Methods
This Veterans Affairs Cooperative Study was conducted in 78 Department of Veterans Affairs medical centers in accordance with institutional guidelines. The Cooperative Studies Program Coordinating Center in West Haven, Conn, was responsible for data collection and analysis. All study medication was distributed by the Cooperative Studies Program Research Pharmacy in Albuquerque, NM. The Executive Committee was responsible for the overall conduct of the present study. The protocol was approved by the institutional review board at each participating center and by the Human Rights Committee at the Coordinating Center. Informed consent was obtained from each patient.
Patients
We have described the design of the present study in detail elsewhere. 4 Briefly, veterans of either sex and of any age were eligible to participate in the study if they sustained a qualifying AMI within the preceding 14 days and fulfilled none of the exclusion criteria (Table 1) . Each participating site was instructed to screen all patients with AMI for study eligibility.
Treatment Regimen and Follow-Up
After confirming the patient's eligibility with local site personnel by telephone, the Cooperative Studies Program Coordinating Center randomly assigned each patient to receive open-label combination hemotherapy or aspirin according to a permuted-block design with stratification by center. Patients in the aspirin monotherapy group received chewable aspirin (162 mg daily) as recommended by the Fifth American College of Chest Physicians Consensus Conference on Antithrombotic Therapy. 5 Patients in the combination hemotherapy group received warfarin sodium (Coumadin, DuPont Pharmaceuticals) titrated to an INR of 1.5 to 2.5 IU along with chewable aspirin (81 mg daily, Bayer Pharmaceuticals). In the combination group, the 81-mg daily dose was chosen on the basis of other recent studies of combination therapy. 6 -10 The dose of 81 mg was associated with lower rates of major gastrointestinal bleeding without compromising efficacy. Monitoring of the INR was performed locally by using a dose-adjustment protocol. Delay in the initiation of protocol-assigned therapy after randomization was permitted to allow subjects to undergo invasive procedures before receiving protocol-determined anticoagulant therapy.
A study coordinator saw patients 3 months after randomization and then every 6 months for the duration of the study. Subjects in the combination therapy group were seen between these scheduled visits either by the study coordinator or by the anticoagulation clinic staff to titrate their warfarin dosage. At each follow-up visit, the study staff provided counseling regarding adherence to the study regimen and asked about the occurrence of events and side effects since the previous visit.
Outcomes
The primary outcome of the present study was all-cause mortality. Secondary outcomes were recurrent myocardial infarction and stroke, as reported by local investigators using standardized definitions in the protocol. 4 A composite secondary outcome of cardiovascular events was defined as vascular mortality, recurrent myocardial infarction, or stroke. Major hemorrhage was defined as any fatal, intracranial, or retroperitoneal bleed or any bleed that led to a hospitalization or transfusion and was accompanied by a fall in the hemoglobin of at least 2 g/dL. Cause of death and major hemorrhage were adjudicated by the end-points committee, which was blinded to treatment assignment. Secondary end points were not adjudicated.
Statistical Analysis
All analyses were conducted according to the intention-to-treat principle. Sample size was determined to detect a 15% reduction in annual mortality with combination therapy relative to aspirin alone. The target sample size to detect this effect size with 80% power and 5% type I error was 8000 patients and 1000 deaths. The trial was planned as a study of duration and not information. Differences in cumulative mortality rates between treatment groups were tested by the log-rank statistic. Interim monitoring of treatment mortality differences was performed by using the ␣ spending method of Lan and DeMets 11 with sloped boundaries, with the "looks" at the data corresponding to the annual meetings of the Data Monitoring Board. Adverse event rates were expressed as the number of events per 100 person years of follow-up. The permutation test was used to test whether the rate ratio (combination/aspirin) was different from 1; 95% bootstrap confidence limits for rate ratio were determined. 12 Analysis of secondary end points was tested at the 1% level of significance to provide some control for multiplicity. Two planned subgroup analyses were performed with patients stratified by age (younger or older than 60 years) and by myocardial function (severe, moderate, or mild/normal left ventricular dysfunction). Severe ventricular dysfunction was defined as a measured ejection fraction by angiography or radionuclide study of Յ25% or a qualitative finding of "markedly depressed" myocardial function on echocardiographic assessment. Moderate ventricular dysfunction was defined as a measured ejection fraction Ͼ25% but Ͻ40% or a qualitative echographic finding of "moderately depressed" myocardial function. In addition, we evaluated the effects of treatment according to location, type of infarction, and the presence or absence of diabetes to determine whether adverse events, particularly stroke, were reduced in these high-risk subgroups.
The Cox proportional hazards model 13 was used to identify independent baseline predictors of mortality and to determine the relationship between the date of initiation of protocol therapy and mortality within each treatment arm. The fit of the model to the data was evaluated by examining residuals. 14
Results

Follow-Up
Between October 20, 1992, and December 31, 1997, 20 036 patients with AMI were screened, and 5059 were entered into the study: 2537 were assigned to aspirin, and 2522 were assigned to combination therapy. The reasons for subject exclusion are listed in Table 1 . Final follow-up visits occurred between April 1, 1998, and September 30, 1998 . The number of total person-years of follow-up was 6940 years in the aspirin group and 6789 years in the combination group. The median follow-up was 2.7 years. During the study, 882 subjects died. Vital status was ascertained for all but 61 patients: 28 in the aspirin group and 33 in the combination group. In 555 subjects, vital status was determined by using the Veterans Affairs and National Credit Bureau administrative files. All other patients were seen at a final study exit visit.
Patients randomly assigned to the 2 treatment groups were similar at baseline with respect to demographic and clinical variables ( Table 2 ). The population was characterized by high rates of hypertension, diabetes, and previous myocardial infarction. The median age was 62 years.
Cumulative initiation rates of protocol-assigned therapy in the aspirin and combination groups were 74% versus 61% at 1 month and 92% versus 84% at 1 year, respectively. Among patients initiated on therapy, 290 (12.6%) in the aspirin group and 517 (25.3%) in the combination group had therapy permanently discontinued during the study. Thus, the proportion of total follow-up time on protocol-assigned therapy was 86% for the aspirin group and 71% for the combination group. Patients who never had protocol therapy initiated or those who had it discontinued were treated at the discretion of their local physician.
Anticoagulation
INR values of patients in the combination therapy arm were measured and reported at each of the follow-up visit appointments and are displayed in Figure 1 . The median INR for all values obtained at all scheduled follow-up visits was 1.8 IU.
Values of 1.4 IU and 2.2 IU correspond to the lowest and highest quartiles, respectively, of measured INRs. These INR results reflect the intensity of anticoagulation only during the 71% of follow-up time during which patients randomized to combination therapy were receiving protocol-assigned treatment.
Outcomes
Overall, 438 patients (17.3%) assigned to the aspirin group and 444 patients (17.6%) assigned to the combination group died (log-rank Pϭ0.76). Adjudicated cause of death is given in Table 3 . Clinical characteristics of patients who died are presented in Table 4 . Recurrent myocardial infarction occurred in 333 patients (13.1%) taking aspirin and 336 patients (Figure 2 ). Hazard ratios for combination therapy relative to aspirin therapy with 95% CIs for the primary and secondary outcomes by subgroups are given in Figure 3 . An exploratory analysis was performed to examine the relationship between the initiation of therapy and survival. Patients were stratified by the duration of the delay between randomization and the initiation of protocol-assigned therapy according to the following: initiation of protocol therapy within 14 days, initiation of therapy from 15 to 28 days, initiation of therapy after 28 days, or no initiation of protocol therapy. Patients for whom therapy was initiated within 14 days were used as the reference group. There was no association between delay in initiation of therapy and overall survival ( Table 5 ). Patients for whom protocol-assigned therapy was never begun had an increased hazard ratio for mortality in both the aspirin and combination therapy groups.
Adverse Events
The annual incidence of major bleeding episodes ( Table 6 ) was greater in the combination therapy group, with a rate ratio of 1.78 (95% bootstrap confidence limits 1.27 to 2.72). Major bleeds were primarily gastrointestinal in origin in both the combination therapy group (71%) and aspirin group (63%). Confirmed intracranial hemorrhage occurred with equal frequency in both groups, but 18 strokes in the aspirin group and 21 strokes in the combination therapy arm were not Hazard ratio and 95% CI were obtained from Cox proportional hazards model. 
Discussion
The present study found that when warfarin (target INR 1.5 to 2.5 IU) is added to aspirin (81 mg daily), no reduction in mortality, stroke, or recurrent myocardial infarction beyond that achievable with aspirin monotherapy (162 mg daily) was seen. The study ended after 6 years, as planned. At that time, we observed 882 of the projected 1000 deaths (88% of the total information in the trial). Based on the accumulated data, the conditional power of reaching a significant finding in favor of combination therapy with 1000 deaths was almost nil. Thus, the study was not continued beyond its planned duration.
Although the annual major bleeding complication rates were low, levels were higher in the combination group (1.28%) than in the aspirin group (0.72%, PϽ0.001). Intracranial hemorrhage was virtually identical in the 2 groups.
The protocol required randomization to occur within 2 weeks of the infarction. By 1 month after study entry, a proportion of patients had not begun protocol-assigned therapy (27.6% for aspirin and 40.6% for combination therapy). The primary reason for the delay in protocol-assigned therapy initiation was the reluctance of investigators to anticoagulate patients in whom invasive procedures were either anticipated or in whom procedures had been recently performed. The delay in study drug initiation in the combination therapy group, relative to the aspirin therapy group, was not responsible for the lack of difference in survival in the 2 groups. In addition, survival was not associated with the length of delay between randomization and drug initiation.
Of the 444 deaths in the combination therapy group, 117 (26%) occurred in patients who had never begun warfarin therapy. Of the 438 deaths in the aspirin group, 86 (19.6%) occurred in patients who had never begun aspirin therapy. An exploratory analysis excluding randomized patients who had never begun study medication failed to show any difference in any of the outcome measures (data not shown).
Adherence to the treatment assigned is a major concern in trials using oral anticoagulant therapy. Despite the delay in initiation of the study drug in many individuals, the proportion of follow-up time spent on protocol-assigned therapy was high: 86% for the aspirin group and 71% for the combination group. Withdrawals from both the aspirin group (12.6%) and the combination therapy group (25.3%) were within the rates seen in other major secondary prevention studies using these agents. 15 The proportion of INR values (74%) at or above the lower end of the specified therapeutic rang (1.5 IU) was also typical. 16 A potential limitation of the present study is open-label drug administration with resultant differential follow-up between treatment arms. Patients in the combination group were seen by study personnel more frequently, resulting in inherent informational biases, including detection, recall, and interviewer bias. Differential misclassification may result from these biases and affect the identification and classification of bleeding episodes and other secondary outcomes. These limitations were addressed by defining total mortality as the primary study end point and adjudicating all bleeding episodes by a blinded end-points committee.
The other published post-AMI trial evaluating warfarin and aspirin in combination, the Coumadin Aspirin Reinfarction 
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Study (CARS), also failed to demonstrate the superiority of combination therapy compared with aspirin monotherapy. 6 In that trial, 8803 patients were randomized within 21 days of qualifying infarct to 1 of 3 arms: aspirin monotherapy (160 mg daily) or a combination of aspirin (80 mg) and warfarin at a fixed dose of either 1 or 3 mg daily. The intensity of anticoagulation was considerably lower than that in the Combination Hemotherapy and Mortality Prevention (CHAMP) trial; the median INR was 1.04 IU in the 1 mg warfarin group and 1.19 IU in the 3 mg warfarin group. No differences in the primary event rates of reinfarction, nonfatal ischemic stroke, or cardiovascular death were observed after a median follow-up of 14 months. Major bleeding rates were similar in the 2 studies and higher in the combination therapy groups for both studies. Thus, it appears that the combination of aspirin and warfarin at a mean INR of Յ1.8 is no better than aspirin alone. In addition to these 2 studies, 3 trials have failed to demonstrate the superiority of combination therapy using low-intensity warfarin (mean INR Ͻ2.0 IU) compared with control treatment in the settings of unstable angina and non-Q-wave AMI, 9 stroke prevention in nonvalvular atrial fibrillation, 7 and prevention of atherosclerosis in aortocoronary saphenous vein bypass grafts. 8 Two small studies that evaluated combination therapy with the use of moderateintensity warfarin (INR 2.0 to 2.5 IU) 9 and high-intensity warfarin (INR 3.0 to 4.5 IU) 10 have shown improved shortterm outcomes (3 months) in patients with acute coronary ischemia compared with outcomes in patients after control treatment. The question of the efficacy of higher intensity warfarin in combination with aspirin for long-term secondary prevention after AMI is being addressed by ongoing studies, including the Warfarin Reinfarction Study II (WARIS II) and the Anticoagulants in the Secondary Prevention of Events in Coronary Thrombosis II (ASPECT II).
